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INFRARED EMISSIVITY OF DIATOMIC GASES WITH DOPPLER LINE SHAPE

W. Malkmus

In a previous pu‘blica.tion,1 expressions were developed for the
infrared emissivities of diatomic gases in the first epproximation to
the vibration-rotation interaction.

Computations were made previously in the weak line and strong line
(Lorentz pressure-broadened line shape) approximation. The present work
is an extension of the previous analysis to the case of a Doppler-
broadened line shape, which is of particular importance at low pressures
and long path lengths.

The equivalent width of an isolated line of integrated intensity S
with Doppler shape is given by2
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The average emissivity of an Elsasser band is given by
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where wsz and d are the equivalent line width and line spacing,
if overlapping of the lines in the band is neglected. The average



emissivity of a number of randomly superposed Elsasser bands (random
Elsasser model) is given by

s
cer- T(-). 2

For the anharmonic vibrating rotator model previously analyzed,* the

+
average line strength SV l(+)’ w) at frequency ® for a ]Av] = 1 transition
1s given in terms of the total band absorption ax+1 byl
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where the upper sign refers to the main portion of the band and the lower
14
sign to the returning R-branch. The quantity w:: is approximated by?!

Ay [1 - exp (- h:;")] , (7)

where
w = w - 2(vel) w x ¢ [3(v+1)%+ %] Wy Yo+ [4(v+1)3+ (v41)] w2,

(8)

The average line spacing at frequency w is given byl

g, =2V -a v+ 1) -alw-u) . (9)

V+1
The total band strength at any temperature, av (T), can be
approximated from an experimentel value of the strength of any band



(usually the O-1 band) at eny other temperature by the expressions?
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and
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av+l ) = z ++ 1 exp [-(E(v ) - E(V)>-k—;. ] . (11)

Equation (11) is based on the harmonic oscillator assumption.

The average emissivity at frequency w for a number of superposed
bands with Doppler line shape is given by
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The summation in Equation (13) was computed for large values of its
argument by use of the asymptotic expansion2
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If the emissivity is of the order of a few percent or less, the

approximation

w“(')(w) N w”(*)(w)
Z ——T) (16)

may be used.

The results of the evaluation of equation (16) for CO, NO, HCY,
HF, and OH at temperatures of 1800, 3000, 5000, and TO00°K are shown
in Figures 1 to 20 for values of pf ranging from 0.0l to 1000 atm-cm.
It may be noted that the curve for 0.0l atm-cm in each case is virtually
the same as that obtained by use of the weak line approximation, although

a slight decrease is noticeable near the peaks.

The values of band strengths and line widths used are the same as
those used previously.l’3

These curves may be used in con/unction with those computed in the
strong line and weak line approximations to find approximate emissivities
throughout the entire transition region from the week line to the strong
line approximation. The weak line approximation gives an upper limit to
the emissivity while the Doppler shape approximation gives a lower limit.
An approximation to the true emissivity can be obtained by an expression

such as

e, ~ min {€WL’ max (eD, eSL)} s (17)

where min and max mean the smaller and the larger respectively of their
two arguments, and the subscripts WL, D, and SL refer to the weak line,
Doppler, and strong line approximations, respectively.

For example, consider HF at T = 3000°K and w = 3600 cm‘l, where the
maximum emissivity of the P-branch occurs and the effect of saturation
of the Doppler line shapeis most pronounced. For a fixed pressure of
0.0l atm, the average lorentz half-width 1s about 0.00084 cm-* as compared
with the Doppler half-width of 0.016 em=1. TFor peth lengths up to about



1000 cm the Doppler line shape predominates. (For path lengths of less
than about 1 cm, however, EWL deviates from eD by less than 10%.) For
path lengths greater than 1000 cm, GSL is greater than €p’ and hence

provides the better approximation.

For a pressure of 1 atm, the effect of the Doppler line shape is
negligible. For £ = 0.5 cm, GWL and €SL are equal; for shorter path
lengths, EWL provides the best approximation and for greater lengths,

b .
eSL is the best

For a pressure of 10-% atm, e¢_ is the best approximation for path

D
lengths ranging up to about 107 cm, although for path lengths less than

100 cm, WL is within 10% of €
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